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tics - during a twenty-five year career. He is best known for 
having discovered the first examples of provably complex - 
nonpolynomial-time — decision problems, as well as such funda- 
mental concepts of complexity theory as polynomial-time hierar- 
chy. His current interests focus on logic semantics of programs, 
concurrent process theory, and type theory and polymorphism. 
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Isi Mitrani received his Ph.D. degree in computer science in 
1973 from the University of Newcastle, having previously stud- 
ied mathematics at the Universities of Sofia and Moscow, and 
operations research at the Technion, Haifa, Israel. Since 1970 
he has held various teaching positions at the Computing Lab- 
oratory, University of Newcastle, where he is now a Professor. 
His publications include five books, two book chapters and over 
sixty articles. His research interests are in the fields of stochastic 
processes, probabilistic modelling and performance evaluation of 
computer and communication systems. 


Ugo Montanari is a Full Professor of computer science at the 
Dipartimento di Informatica, University of Pisa, since 1976. 
He graduated in electrical engineering from the Politecnico of 
Milan in 1966 and had a position of researcher with the Isti- 
tuto di Elaborazione della Informazione in Pisa in the period 
from 1968 to 1976. He also visited (for a total period of ap- 
proximately thirty months) several well-known American and 
European universities and research centers. He is a member of 
Academia Europea. He wrote pioneering papers in the areas 
of picture recognition, graphics, graph grammars, heuristically 
guided search, networks of constraints, algebraic data types, logic unification and true 


concurrency. His present interests include the semantics of concurrency (also higher 
order), certain aspects of (concurrent) software specification, concurrent constraint 
programming and the algebraic treatment of structured transisition systems. 


Victor Y. Pan received his M.S. and Ph.D. degrees in mathemat- 
ics from Moscow University in 1961 and 1964, respectively. He 
worked at the Economics Institute of the Soviet Academy of Sci- 
ence, Moscow; IBM Research Center, Yorktown Heights, NY; 
SUNY Albany, NY; Stanford University; Institute for Advanced 
Study, Princeton, NJ; University of Pisa; Columbia University, 
New York; International Computer Science Institute, Berkeley, 
CA. He was a consultant for the General Electric Research and 
Development Center, Schenectady, NY, and for the AT&T Bell 
Laboratories, Murray Hill, NJ. Currently he is a Professor of 
mathematics and computer science at Lehman College, CUNY, Bronx, NY, and 
teaches also at the Graduate Center of CUNY, New York. His research interests 
include: analysis and synthesis of algebraic, numerical and combinatorial algorithms, 
computational complexity theory, parallel computation, randomized algorithms, op- 
erations research and optimization, and computations in graphs. 
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Roger Penrose was born in Colchester, Essex, UK, in 1931. He 


received his B.Sc. in mathematics from the University College 
London in 1952, and his Ph.D. from St. John’s College in Cam- 
bridge. He held various positions in the UK and the US before 
being appointed Rouse Ball Professor of Mathematics, Oxford 
Fellow of Wadham College, Oxford. Since 1987 he is also Dis- 
tinguished Professor of Physics (and Mathematics) of Syracuse 
University. Numerous are the conferences and congresses he has 


attended, the editorial boards he is on and the scientific papers 

and books he has written and co-authored. He was awarded 
several prizes (two of which shared with S.W. Hawking). His chief research interests 
are broadly: mathematical physics (also foundation and philosophy of physics), and 
more specifically: general relativity; twistor theory; the impact of general relativity 
on the structure of quantum theory; space-time singularities, black holes and cos- 
mology; quasi-crystals and aperiodic tiles; possible nonalgorithmic action in brain 
function. 


Dominique Perrin was born in Paris in 1946. He graduated from 
the Ecole Polytechnique in 1968. In 1975, he received his Doc- 
torat at the Université de Paris VII with M.P. Schitzenberger. 
He held positions at the Centre National de la Recherche Sci- 
entifique (CNRS) (1969-77), the Universidad de Chile (1972) 
» and the Université de Rouen (1977-83), the Université de Paris 
VII (since 1983) and the Ecole Polytechnique (since 1989). In 
1985 he was appointed Director of LITP. His research inter- 


ests include: theory of automata, combinatorics on words, enu- 
merative combinatorics, noncommutative algebra, algorithms on 
words, computational linguistics, permutation groups and formal logic. 


Franco F. Preparata is the An Wang Professor of Computer Sci- 
ence at Brown University since January 1991. Formerly he was 
a Professor of electrical engineering and of computer science 
at the University of Illinois at Urbana-Champaign. He received 
the Dr.Ing. and the Libera Docenza from the Italian Univer- 
sity System. He began his research activity in switching theory 
and coding theory, and gradually his research interest evolved 
towards the analysis and design of algorithms. He has published 
three textbooks and nearly 150 research articles. A Fellow of the 
IEEE, he is on the editorial board of several professional jour- 
nals. His research interests include: computational geometry, parallel computation, 
and numerical and combinatorial algorithms. 
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Grzegorz Rozenberg is a Professor at the Department of Com- 
puter Science of the University of Leiden, The Netherlands, 
and an Adjoint Professor at the Department of Computer Sci- 
ence of the University of Colorado at Boulder. He received his 
Ph.D. in 1968 and hold academic positions at the Institute of 
Mathematics of the Polish Academy of Science in Warsaw, the 
Department of Mathematics of the University of Utrecht, the 
Department of Mathematics of the University of Antwerp, and 
the Department of Computer Science of the State University of 
New York in Buffalo, NY. Currently he is the President of the 
European Association of Theoretical Computer Science (EATCS) and the Chair- 
man of the Steering Committee of the International Conference on Application and 
Theory of Petri Nets. He is also an editor of a number of international journals 
and book series. He has authored two books and 250 scientific publications, he also 
edited about fifteen books. His research interests include formal languages, automata 
theory, theory of graph transformations, theory of concurrent systems (in particular 
Petri nets), developmental systems and languages, and mathematical structures for 
computer science (in particular the theory of 2-structures). 


Arto Salomaa is a Research Professor at the Academy of Fin- 
land and the head of the Academy’s research project concerning 
mathematical structures in computer science. He received his 
Ph.D. in 1960 and has been Professor of mathematics at the 
University of Turku since 1965. Dr. Salomaa was Visiting Pro- 
fessor of computer science in London, Canada; Aarhus, Den- 
mark; and Waterloo, Canada, and has made numerous short 
visits to universities in Europe, Asia and North America. He 
was the EATCS President from 1979 until 1985 and is cur- 
rently the Editor-in-Chief of the EATCS Monograph series. He 
has authored 300 scientific publications including eight books, some of which have 
also appeared in French, German, Japanese, Romanian, Russian and Vietnamese 
translations. Dr. Salomaa’s research interests are in formal languages, developmental 
languages, automata theory, formal power series, cryptography and mathematical 
logic. 


Imre Simon received an electrical engineering degree from the 
University of Sao Paulo, Brasil, in 1966 and a Ph.D. in com- 
puter science from the University of Waterloo in 1972. He is a 
Professor and Head of the Computer Science Department of the 
University of SAo Paulo. He is a member of the editorial boards 
of several international journals. He is the 1989 recipient of the 
French U.A.P. Prize in Informatics. His main field of interest 
is the theory of finite automata, ranging from pseudo-varieties 
of semigroups to combinatorial algorithms on words. 
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Rani Siromoney, born in 1929, is Professor Emiritus of the 
Department of Mathematics of the Madras Christian College, 
Tambaram, Madras, India. Her undergraduate, graduate and 
Ph.D. were from Madras University. She received a masters 
degree from Columbia University as a Fulbright Smith-Mundt 
scholar and was a consultant at the University of Maryland. 
She has a strong and active research group working with her. 
She is collaborating with French, Japanese and US researchers 
on certain projects in theoretical computer science. Professor 
Siromoney is the recipient of awards such as “Distinguished 
Author”, “Best Teacher” and “Outstanding Woman Professional”. Her areas of 
interest are formal grammars and automata, picture and graph languages, infinite 
words, rewriting systems and applications to cryptography and molecular biology. 


Masako H. Takahashi is an Associate Professor at the Depart- 
ment of Information Science of the Tokyo Institute of Technol- 
ogy. She received her Ph.D. from the University of Pennsylva- 
nia in 1972. She published papers on tree automata (and their 
application to generalized parenthesis languages), automata on 
infinite objects and lambda calculus. She is author and co-author 
of two books in Japanese. Her fields of interest include: lambda 
calculus, type theory and logical foundations of programming. 


Wolfgang Thomas, born in 1947, studied mathematics at the 
Universities of Freiburg and Bristol, specializing in mathemat- 
ical logic. In Freiburg he obtained the Doctorate (1975) and 
Habilitation (1980), at that time working on decidability of 
theories of arithmetic. In 1982 he became Associate Professor 
at the University of Kiel. His research is mainly concerned with 
connections between automata theory and logic, as well as ap- 
plications to classical logic, formal language theory, complexity 
theory, and the specification and verification of programs. This 
includes the study of automata over (finite and infinite) words, 
trees, partial orders and graphs. 
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RWTH Aachen as a Visiting Scientist. In 1981 he was a Visit- 
ing Scientist of the Laboratory of Computer Science of MIT and Visiting Associate 
Professor at Boston University. He spent 1984-85 and 1988-89 at Washington State 
University in Pullman as a Visiting Professor. His fields of interest include: logics 
of programs (verification, expressive power, axiomatization); lambda calculus, type 
theory and constructive mathematics; finite model theory; and complexity issues 
arising in logic and type theory. 


Satish K. Tripathi is a Professor and the Chairman of the De- 
partment of Computer Science at the University of Maryland, 
College Park, MD. Dr. Tripathi received his Ph.D. in computer 
science from the University of Toronto. He has been at the 


faculty of the University of Maryland since 1978. During the 
1984-85 academic year he was Visiting Professor at the Univer- 
sité de Paris-Sud and the University of Erlangen—Nirnberg. For 
the last fifteen years he has been actively involved in research 
related to performance evaluation, architectures, networks and 
fault tolerance. 
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member of the US National Academy of Engineering, and has 
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mittee and the ACM Council. He held an Einstein Fellowship 
from the Israeli Academy of Sciences in 1984 and a Guggen- 
heim Fellowship in 1989. His current research interests include 
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Chairman of the Department of Computer Science at Utrecht 
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of the ESPRIT Basic Research Action No. 3075 for research 
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Managing Editor of the two-volume Handbook of Computer Science. His reseach 
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graph algorithms, distributed algorithms and complexity theory) to more applied 
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of the State Key Laboratory of Novel Software Technology of 
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awarded 14 national and provincial awards, and published over 100 papers and two 
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books. Now, his research interests include computer languages, software automation, 
novel programming, natural-language understanding and processing, analogy theory 
and category theory. 


Frances Yao is now Principal Scientist and Manager of the Theo- 
retical Computer Science area at Xerox Palo Alto Research Cen- 
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MIT in 1963. He is author or co-author of some thirty papers 
in theoretical computer science and recursive function theory as 
well as co-author of a graduate textbook on the general theory 
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plexity and connections with mathematical logic. 
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The central idea of the lecture course which 
gave birth to this book was to define the 
homotopy groups of a space and then give 
all the machinery needed to prove in detail 
that the n‘" homotopy group of the sphere 
S", for n greater than or equal to 1 is 
isomorphic to the group of the integers, that 
the lower homotopy groups of S" are trivial 
and that the third homotopy group of S* is 
also isomorphic to the group of the integers. 
All this was achieved by discussing 
H-spaces and CoH-spaces, fibrations and 
cofibrations (rather thoroughly), simplicial 
structures and the homotopy groups of 
maps. 

Later, the book was expanded to introduce 
CW-complexes and their homotopy groups, 
to construct a special class of CW-complexes 
(the Eilenberg-Mac Lane spaces) and to 
include a chapter devoted to the study of the 
action of the fundamental group on the 
higher homotopy groups and the study of 
fibrations in the context of a category in 
which the fibres are forced to live; the final 
material of that chapter is a comparison of 
various kinds of universal fibrations. 
Completing the book are two appendices on 
compactly generated spaces and the theory 
of colimits. The book does not require any 
prior knowledge of Algebraic Topology and 
only rudimentary concepts of Category 


Theory are necessary; however, the student 
is supposed to be well at ease with the main 
general theorems of Topology and have a 
reasonable mathematical maturity. 


Contents: 1. Homotopy Groups. 1.1 Function 
Spaces. 1.2 H-Spaces and CoH-Spaces. 

1.3 Homotopy Groups. 2. Fibrations and 
Cofibrations. 2.1 Pullbacks and Pushouts. 
2.2 Fibrations. 2.3 Cofibrations. 

2.4 Applications of the Mapping Cylinder. 
3. Exact Homotopy Sequences. 3.1 Exact 
Sequence of a Map: Covariant Case. 

3.2 Exact Sequence of a Map: Contravariant 
Case. 4. Simplicial Complexes. 4.1 Simplicial 
Complexes. 4.2 Simplicial Approximation 
Theorem. 4.3 Polyhedra. 4.4 Fibrations and 
Polyhedra. 5. Relative Homotopy Groups. 
5.1 Homotopy Groups of Maps. 

5.2 Quasifibrations. 5.3 Some Homotopy 
Groups of spheres. 6. Homotopy Theory of 
CW-complexes. 6.1 CW-complexes. 

6.2 Homotopy theory of CW-complexes. 

6.3 Eilenberg-Mac Lane spaces. 7. Fibrations 
revisited. 7.1 Sections of fibrations. 

7.2 F-fibrations. 7.3 Universal F-fibrations. 
Appendix: Colimits. Compactly generated 
spaces. Index. 
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Programming environments, as the name suggests, 
are intended to provide a unified, extensive range of 
capabilities for a person wishing to solve a problem 
using a computer. In this particular proceedings 
volume, the problem considered is a high-level 
scientific computation. In other words, a scientific 
problem whose solution usually requires 
sophisticated computing techniques and a large 
allocation of computing resources. 


Contents: Introduction. Integration of Symbolic and Numerical 
Methods for Optimizing Complex Engineering Systems (S.S. 
Tong). Symbiotic Computing: Opportunities and Complications 
(K.S. Booth, W.M. Gentleman). Problem Solving Using 
Mathematica (P.C. Abbott). Intelligent Assistants. Accuracy 
Control and Estimation, Self-Validating Systems and Software 
Environments for Scientific Computation (S.M. Rump). 
Polyalgorithms with Automatic Method Selection for the Iterative 
Solution of Linear Equations and Eigenproblems (W. 
Schénauer, R. Weiss, P. Stemecker). The Computer as 
Statistical Assistant (J.A. Neder). Toward an Intelligent System 
for Mathematical Software Selection (R.F. Boisvert). 
Mathematical Methods. Fractals in Quaternions and their 
Application to Computer Graphics (M. Shimasaki, Y. 
Matsusaka, N. Nomura). Computer Algebra Tools for Higher 
Symmetry Analysis of Nonlinear Evolution Equations (V.P. 
Gerdt). Grébner Bases in Mathematica: Enthusiasm and 
Frustation (B. Buchberger). Examples of Problem Solving Using 
Computer Algebra (D. Duval, F. Jung). Systems and Tools. 
Environments for Large-Scale Scientific Computation (S. /. 
Feldman). Software Tools for Parallel Program Development 
(H.P. Zima, B.M. Chapman). Fortran Interface Blocks as an 
Interface Description Language for Remote Procedure Calls 
(P.E. Buis, W.R. Dyksen, J.T. Korb). An integrated Problem 
Solving Environment for Numerical Simulation of Engineering 
Problems (N. Sagawa, D.P. Finn, N.J. Hurley). System 
Engineering I. An ltelligent User Interface for a Symbolic 
Algebra System (M.E. Clarkson). Design and Implementation of 





Symbolic Computation Systems (C. Limongelli, A. Miola, M. 
Temperini). Parallel ELLPACK: A Development and Problem 
Solving Environment for High Performance Computing 
Machines (E.N. Houstis, J.R. Rice). Dynamic Software 
Reconfiguration Supports Scientific Problem-Solving Activities 
(J.M. Purtilo). Interaction and Visualization. Visual 
PDEQSOL: A Visual and Interactive Environment for Numerical 
Simulation (Y. Umetani, C. Konno, T. Ohta). Display of 
Functions of Three Space Variables and Time Using Shaded 
Polygons and Sound (W.M. Coughran Jr., E. Grosse). 
Distributed Visual Programming Environment: An Attempt to 
integrate Third Generation Languages with Advanced User 
Environments (F.M. Rijnders, H.J.W. Spoeider, F.C.A Groen). 
Visualization and its Use in Scientific Computation (KW. 
Brodlie, M. Berzins, P.M. Dew, A Poon, H. Wright). Open 
Session. Automatic Generation of Optimized Numerical Code 
for Jacobians and Hessians (F.C. Berger, V.V. Goldman, M.C. 
van Heerwaarden, J.A. van Hulzen). Transcript Editing, a 
Simple User Interface Tool (N. Holsti). Mathematical User 
interfaces for Graphical Workstations (A Bonadio). The Fortran 
90 Standard (J.K. Reid). System Engineering Il. SENAC: Lisp 
as a Platform for Constructing a Problem Solving Environment 
(K.A Broughan). Future Research Directions in Problem 
Solving Environments for Computational Science (J.R. Rice). 
The ESPRIT Project FOCUS (C.W. Cryer). Using FOCUS 
Technology to Build Front Ends (S.J. Hague). 
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Theoretical computer science is mathematical and abstract in spirit, but it derives its motivation from 
practical and everyday computation. Its aim is to understand the nature of computation and, as a 
consequence of this understanding, provide more efficient methodologies. 

All kinds of papers, introducing or studying mathematical, logic and formal concepts and methods are 
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